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The motivation and aim of my study

O What is kink?

¢ Charged

Neutral . particle2

particle

A charged particle decays and produces an another charged
particle.

Then the track bends abruptly and it is called “

Ch d .
oaioe: 1 Why do | focus on kinks?

The kink is a signature of Long Lived Particles (LLPs)
for New physics.

Ex. Chargino decays into a SM charged particle and a
neutralino (Lightest SUSY Particle) etc...

| focus on kinks decayed inside a tracking detector, I'd like
to identify kinks efficiently and accurately.
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How do | identify kinks? - KinkFinder

in MarlinReco/Tracking/KinkFinder

| want to study kinks from LLPs but firstly | try to check
“standard kinks” from SM particles (eg. Kaon...)

2 tracks with

Charged

Neutral particle2

particle

Charged
particlel
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»Same sign
zDifferent momenta
z»Small distance of closest approach
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Kaon

10GeV Kaons simulated and reconstructed in ILD_15_v02 (CALOS removed)
LK™ = puy,

K™ _
v h
WSS,

+ Kink found by KinkFinder
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| checked the efficiency of KinkFinder.
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Efficiency dependence on the k|nk angle

Precut made from MCparticles

kink angle: ,

- Endpoint(MC) inside TPC: 1770 mm PC
329+ 100 < r < 1770 - 100 [mm] , | z,,,,| < 2350 — 250[mm] 100 mm
- (MC) # of charged daughter of Kaon = 1
efficiency 250 250
e 1:_ILD working progressﬂ 290 100 -
" Ks daughter 08 H% % Hﬁm HWH u 0 2350 mm
Ty

0.4

0.2

0.6

—}— MarlinTrk=2/all

—}— MarlinTrk=2 & recokink>0/all

all: imposing only precut

Black: nTrack = 2 (tracking efficiency)
Red: nTrack =2 and Kink > 0 (tracking and
KinkFinding efficiency)

0.04 0.06 0.08

0.1

0, K(MC) [rad]

KinkFinder efficiency ~ 80% (0.04 < Bkinkevc) < 0.08)

J.Nakajima - jurina@postkek.jp

LCWS 2024 @UTokyo


mailto:jurina@post.kek.jp

Efficiency dependence on the kink angle

Precut made from MCparticles

- Endpoint(MC) inside TPC:

Kink angle: ;
Track e
extrapolated to /
K-

K-’s daughter

A

1770 mm TPC
MOy # of charged daughtor of Kot } 77777
\efficiency 250 / 250
= I e
08 Hﬁ}ﬂ@ % d }ﬁ}% {MMWHH ‘ 0 2350 mm
. WM
,l”H f

MarlinTrk=2/all

NarlinTrk=2 & recokink>0/all

Merged into single track?
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all: imposing only precut

Black: nTrack = 2 (tracking efficiency)

Red: nTrack =2 and Kink > 0 (tracking and
KinkFinding efficiency)
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More particles - Kaon, Pion, Sigma, Xi
10GeV particles simulated and reconstructed in ILD_I5_v02

Estimated mass of kink’s parent particle




What is kink mass?
which particle produced kink?

UsingPy = Peng1 — Peng2, (Momentum conservation)

_— Assumed s — ‘
Po, Eo, Mo | \ Eo = /Pg +m5 = y/ (Pehg1 i~ Peng2)
_ /p2 2 Energy conservation
PChg27 Echg27mchg2 Echg2 - iPchg2j+ mch2 ( gy )

Pchgl, Echg17

— 2 ip2 :
my . =4/ (B +Ep)” —P5
T Measured Kink \/( chg2 0) ._chgl

fig-Schematic of kink Table 1. Tested kink decay in standard kinkfinder

Mchg?2 [ mOJ

= /KT = v | m, 0
K* — 77 m, m.,
YT /YT — mn m,; | my
¥t — pmo m, | m;
=~ — 7mA m., my

Choose best decay hypothesis using kink mass
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How to get momentum infomation

KinkFinder hits i = 20
Track2 %
X
hitsi =10 /
X% /
« X
Trackl /" /" Momentum direction
X
X Vertex
X
X

hits i = 1

Fit first / last 10 hits to helix
Helix momentum at last/first hits
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Momentum at vertex

Track2

Trackd / Momentum direction

Vertex

Use full track fits

trackstate momentum at
reconstructed vertex
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Comparison of om distribution

5mkink = Myecox — Miruex

Track?2

% vertex b

Trackl KinkFinder

dmy (K->u'v)

ILD working progress
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Track?2

% vertex b
KinkFinder
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Vertex reconstruction improved
— Om distribution is improved !

dmg, (@->uv)

- ILD working progress

oo
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- ILD working progress

IIIIIIIIII_IiJJLL‘iIII

KinkFinder

—— Momentum at recovertgx

Momentum at MCverte
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Marlintrk bias at vertex

Reconstruct from ECAL side

/

h1

Evt 55 Entries 5421

Pkaon = 10 GeV Mean  -21.43
Endpoint inside TPC Std Dev  23.87
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lo

Reconstructed vix - MC vix

In Marlin track reconstruction, when )(2 become too large, tracking is
stopped.
-> vertex is biased to smaller radius.
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How to get vertex infomation

New version

Ev2a_TPConly_rdec1515_chisq$um Ev3a_TPConly_rded1092_chisqSum
470
ssof
465 [
470
X 2 460 460 L
ssof
455 ]
440
X L H
450
X . 430
ChlSq‘trkl AN P P PP P PP P P P P Y P IS T T PP PO T
2 400 600 800 1000 1200 1400 [1600 400 600 800 1000 |1200 1400 1600
X ¥
1 . Ev9a_TPConly_rdeg1066_chisqSum Ev10b_TPConly_rdec1181_rsel1197_chisqgSum
chisg-trk2
4500y
1200 5
[ 4000
1100 ]
s 3500 El
1000f= :
] 3000
] 4
%00f 2500

| try to cut track at each hit’s position, :
calculate y7 + x5 "

600 1000f

500f= 500 f=
: .

Th e h it CO rrespo nd i ng to m i n i m u m wcz 30'0. * 2;010. * éolol ‘1.0(1)0 .1.2;0. .1.4:)6 l1.e(lJo. = . 30[0‘ * 25010‘ * 50‘0‘ TO;O‘ .1‘2 ‘LO‘ .1.4:31; ‘1.6;6 =
2 2 . . g ] .
xi + x> 1s assumed as the kink position. Figures by Daniel

J.Nakajima - jurina@post.kek.jp ILD S&A meeting 12


mailto:jurina@post.kek.jp
https://agenda.linearcollider.org/event/9054/contributions/47160/attachments/36260/56480/kinks-2021-01-13.pdf

Comparison of om distribution - new!

Track?2

W vertex b
Trackl KinkFinder
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Improving mass resolution!

Track2
*
Trackl % MC vertex
dm . (@->uv)

ILD working progress

KinkFinder

Momentum at recovertgx
Momentum at MCverte

Momentum at newrecoyertex
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Summary

Kink is useful for LLP search!

KinkFinder efficiency is about 80% (0.04 < Bkinkmc) < 0.08)

Improving mass resolution
<- better vertex position
<- better track momentum at vertex

Next steps

- Improving efficiency at small and large kink angle
- Kinematic vertex fitting

- SM kinks with other momenta

- Interpret results with BSM models
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New likelihood function - try1

KinkFinder
likelihood K = 3.125 X 6K X 6K + K oK

| Myt — M |
K mass resolution (0.075 [GeV])

r \ p
Lk = e 2( ) x et
V21O
5mK = Myecox — Miruex
\_ _J

| find o from O0K’, o1T, 02’ and o=’ distribution.
| used “RMS90”. . R
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Distribution of new likelihood function

Likelihood(K->uv)
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Likelihood(K->m,)
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Kink angle on each pdgs - KinkFinder

- Endpoint(MC) inside TPC: 329 + 100 < r < 1770 — 100 [mm] |z,,,,| < 2350 — 250[mm]
- (MC) # of charged daughter of Kaon = 1

* Each pdg plots are imposed Marlintrk = 2 and reconstructed kink exists
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In Kaon samples, many kinks are misidentified
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Kink study
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KinkFinder vs New - om distribution (Kaon)

dm,, (K->uv) dm_ o (K->u'v) dm,, (K->nn_0) dm_ o (K->wn_0)
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Table: sigma by RMS 90 - New

Sigma Error of sigma
K-> munu 0.012136338 20.00015802845
“““““““““““ oppio Guanseoostr i orocarssizoss
““““““““““ piomuny 0007065285 0.00019430008
““““““““““““ e
W —_———
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